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‘J’lIc Operations lh].ginccring  1 ,ab (0111.) at
J} ’l. has (] C. VC]OPCX] t h e  multi  nlissioll
comnland  SyStCIll  ~S part  of J1’1.’s Advanced
Mult i  mission Operat ions Systcm.  “1’hc
c o m m a n d  systcm provides an aclvance(i
multi mission environment for secure,
c o n c u r r e n t  comn]anding  o f  m u l t i p l e
spacecraft, ‘]’hc colnmanci  functions  include
rea l - t ime  cc)mmand  ge.ncration,  colnnlan(i
translation and ra(iiatic)n, st:itus rcporling,
so[]~crc]]lote.col~tiol  of Ikcp Spacc  Network
:I1ltC1lll:l  fLIIICti  O1lS, a n t i  comman(i f i l e
Inanagcmcnt.  ‘i’he lllissic)ll-i~l(lc]~  cll(lcllt
architc.cture  has alloweci easy a(iaptation  to
ncw fli:,ht  projects and the system currently
s u p p o r t s  all JI’I. p l a n e t a r y  miss; ons
(Voyager, Galileo, Magcllan,  lJlysses,  Mars
l’athfimlcr,  and ~ASSIN1).

l’his p a p e r  w i l l  (iiscuss  the (icsi~n  an(i
illll~lc]llcl]t:ltioll  of the commali(i  software,
cspccial]y  tracic-offs  a]lci lessons lmrncd  from
practical operational use.

‘1’bc lessons ]carneci  bavc. rcsultexi  in a rc-
cngincerjng  of  the conlJnanci  s y s t e m ,
especially in its user interface and ncw
automation capabilities. ‘1’hc rcxhxign  has
allowccl  s(rcanilinirlg  of comn]and  operations
with significant improvements in pro(iuctivity
an(i case. of use. In acictition,  the ncw systcm
has proviclccl  a cmmmanci  capability that
Wol-ks equally well for real-time operations

an(i within a spacecraft testbcd.  ‘J’his  paper
will also discuss ncw Cic.vc]opmcnt  work
including a multi mission conlnlzilIcl  ciatabase
toolkit, a uni~crsal  cc)n]nlarlci trmnsJator  for
scqucncirl.:  ancl real-time commands, ant]
incorporation of tcleconlmanci capabilitiesfor
ncw m i s s i o n s .

1 N’IROIIIJC’1’1 ON

‘J’hc Jet l’mpu]sion  laboratory has a long
history of building Inultimission  srounci ciata
systclns that  arc (icsigneci  to bc e a s i l y
adaptable. to ncw projects. ‘1’hc nlninfranlc-
basfxi  Sys tems  of ttlc 1 9 7 0 s  h a v e  b e e n
rcplaccci by clistributcct,  workstation-basc{i
Systcnls a s  palt of  JI’1,’s a d v a n c e d
Multin]ission  Gmunci  IIata  Systcm  (MGIM).
‘l’he ncw MGIN provicics  flexible, extensible
components that are easily a(i:iptcci  for new
missions, but more importal]tly,  can also
support  mult iple  missic)ns  concurrcnt]y.
lIOWCVCI, :~S tllCSC grouncl SyStCIllS  hilVC
Cvolvccl, i t  has bcc~lnc  :Ippilrc]]t  th:it
providin:  a(ivanccd  tools tb:it help simplify
and automate the OICI way of cioinc business
is not enough to support the small, low-cost
missions of  the future. IJ1 p:irticular,  the
uplink  process has been very ]aborintcnsivc
for pl:inctary  missions an(i it must be rc-
cnginccreci  to provide the simple commanci
capilbilities  that will be ncccic(i  for missions
with cheaper, more autonomous spacecraft
aJI(i  for operators wantins  remote tc.lcsciencc
capabi Jitics.



“1’llL’  [)pcration.s  Iin:int>~’I-in:  1 ,:Ib (0111,)  h a s
dL:vc]o]xx]  aII(i  r e f ined  (}K M(;  I)S (’O1lllll:llld
Sllbsystcm  [0 bc ;il)  a(]aptablc,  IOw-cc)s[,
Illllllil]]issior]  col]ll>ol]cllt  ofthc. ovcmll up]illk
prmcss. As part  of oLll{lcv(:loIJ1llcr)t  work ,
[Ilc 01;1, is working wi[h the scqucnci  IJg
tcalns  and dcvclopcrs  at J1)I, to rc-cngincct
the u])link pmce.ss  so it can pmvidc  seamless,
easy- to -use  capabi]itics  for spacecraft
colnmandi[tg.  “J’l]c goal is to provide an off-
tt)c’-shclf command pac’kagc ttlat call  support
l;tI:,c  to sfIIall r]]issiotls  [tlat need to COIIIInaIId
tlmm:t]  tt]c IXxq] Space Network (IXN).

MG1 )S U) MMANJ)
SYS’1’1 ;M 1 )I;SO<II’TION

‘Illc MG1 )S (:ommand  functions include rcal-
tilnc co~nmand  g e n e r a t i o n ,  c o m m a n d
tlal]slation  and radiation, states reporting,,
Iclnotc contl-ol of I)SN antenna functions,
ill)(l Collllnancl  f i l e  malla:cmcllt.  A
d i s t r i b u t e d , n e t w o r k - b n s c d , p,raphic.a]
intcrfacc  i s  p r o v i d e d  1 0  g i v e  r e a l - t i m e
colnmand  r a d i a t i o n  s t a t u s  t o  u s e r s  at rcmok
s i t e s . ‘l’his intcrfacc  wzis  inlplcmcntcd  i n
X/Motif. ‘1’hc,  (lommand  System  provides
security ful)ctions including authc.ntication  for
two user privilege levels, intcrila]  security
checks, a central noc]c for control  ]illg all
Coil) 11) a Ild r a d i a t i o n  proccssil~g,  [i
configuration control  environment for
command fi les,  ant]  a  mode for non-
intcractivc  [:ommand  viewing.

“1’bc p r i m a r y con t ro l  func t ion  of the
~onln]allc]  system is to permit real-time
trallslnission  c)f colnmancl files and memory
loads  from the ground  to a spacccmft.  ‘1’hc
(~oll~lll:lr~cl~o[]trol  Graphical lJscrlntcrfacc
(<ill]) (]:igurc 1) provides real- t ime,
interactive c o n t r o l  o f  t h e  c o m m a n d
transmission and radiation to thcspacccraft.
‘1’hc co]ll]cction  between Gmnmnd and the
I)SN is a sccurc  process controlled by tllc
1 )ata System Operations ‘1’eam at J])],. ‘1’hcsc
operators allocate thcconncction  rcscmrccs  to
a project mission control team after ensuring
a clean C.cmlnmdin,  g intcrfacc.

(~onlmand  files arc first transmitted to the
DSNandhcldat  thcrcccivingcn(i  onti] the
co[l)l~lctcllcssar~ci  intcgrityofthc  fiict[ansfet

L-nn bc vclii’icli.  olm tlmc, Illc  usc’r  is tree to
l)Ut tt)c’ I’ilcs  in tl)c  qllcllc  ol-ttlc (’C)lllIll;lIl(i

I’loccssot  Assembly for ra(iiation  to the
s]xlccc[-aft either ilt th21t  IllOIHCllt orsolne iatcr
spccificd  cotnnlalld  win(iow.  ‘1’t)c user  also

uscs t}IC  [~~l~)ll~il[l[i  (;[JI to rclnotcly  contlo]
the configuration of the antenna in terms of
Jvhc. a ilCtll  H] radiation C) fCOIlllllillld  S.

Any time ttlc  user is conncctc~i to a I)SN
statio]l, t}lc station rctartls monitor riata  which
i s  d i s p l a y e d  i n  [he (~onlman(i  GIJ1 fo r
inspection by the operator. Monitor (iat:t
c o n t a i n s  ill forlnilt ion abo[lt  ttlc c u r r e n t
arltcnn:t  corlfigutation,  :ickl)ot~~lc(ig[]lcflts  o f
cotnmand  file ra(iiation,  and constant status
information il]cluciing  alarms, files at the
O’A, an(i rccci~)t of cornrnand blocks.

Conlnl:iIlci  f i l e s  a r c  gcnctatcxi  p r i o r  to
transmission using the (:c)nlnlanci systcm  or
t h e  SC. C] UCIICC  s o f t w a r e  Systcm. ]10[11
]JIOCCSSCS  atc similar. A sj];lc~cIaft  comman(i
sc.qucncc  is formulate.ci a[]ci co]lst]-aillt  -
cbcckc(i and then the actuai  colnn]:in(is arc
cntcrc(i  :is commanci mnemonics,  cncmdcci
abbreviations (witil  para[nctcrs)  that tcil the
spacecraft what commancis  to perform. ‘1’hc
comrnanci mnemonics arc tr:inslatccl into a
sI~:icecl:if  t-rc:t(ly  fiic that contains binary
translations of the mnemonics, sJ>acccraft
i(icntification iilforrnation, start anti
:icquisition  cmics,  an(i fl, tc integrity and crlor-
cictection information. [)ncc the comlnan(i
filcs:ircl>rcjlnrc(i,  they arcstoreci ztnd macic
avail ab]c to the 03mrnanci  system through a
securcclatab:isc  th:tt checks conlrnan(i formats
arlci user  permissions. Before trarlsmission,
t h e  commanci  film arc  rcformattcci f o r
rccogaition  :Itl(ir:i(ii:lti  orlby  the I)SN (};igurc
~\
L).

1,liSSONS 1,I;,ARNI;l)

Wi]cn the MG1)S (~ommanci  Systcm w a s
cornplctc(i,cxist  inglwojccts  wcrcrcquitc(i  to
t r ans i t ion  f rom the  n~ainfr:imc  M(~(~~
(:ommanci  Systcrn.  Voyager was chosen as
the first J]rojcct tc) tr:insition  since it had
cr)te.rc(i its intcrstcllat  cruise phase. ‘1’heir
c.xpcricncc imvide(i multiple  lessons Ic.atncci
about  s implifying ttlc user inter fiice arl(i
rc(iilcing the ntirnbcr of steps in the up]ink
tasks.



\Vt)ct)  tlIc iVl;IJS obst’rvcr  (M()) l)mjcct  calIIc
olI Iinc as a ncw project, they had no prior
systc]]]  fo[ colnparison,  ‘1’heir cxpcricncc  was
d i f fe ren t  s ince  (tIcy had a nluch  higtlcr
cwml])and rate d]an the Voyacer  mission.
‘l’tIcy  had also dczided  not to inlplcrmnl  the
real-ti]nc command translation capability in
[]1 C MGI)S  [: C) Ill Il12111d SyStCIll :tS a COSt-

cuttins lncasurc.  “1’his  nlcant  that all of ttlcir
command files, even lhosc with only a sillp,lc
llon-intel active command, had to hc plcparcd
CJff-li[lc  using the more  complex Scquencc
so f[~varc. As a result, [I)c project was having
difficulty keeping up wittl its command ra[c,
even ill tllc early cruise ])hasc. When the
spacecraft  Went into cnlcr’gcIlcy  mc)clc,
colnmanding  bccamc  a 24-hour activity with
Inally cl~gincc.rs rcquirc(i in the procms.

‘1’here wcI-c  two lessons lcmrncxl  froln the M()
use o f  ttlc conlnlancl Systcm. l;irst,
c’lilnina[illg ttw real-linlc tramlator  during the
lllissio[l~>lal~rlitlg  Jlhasc  rcsultccl  in increased
costs in the mission operations phase.
s e c o n d ,  the  nllmbcr’  of  Steps I)ec(lccl  to
])l-cparc  commancls  haci t o  bc recluccci.  i n
particular, the usc of the security-control]ccl
[: C) IIII1l:III(]  GIJl  h:iC] tc)bcre-cv:ll~]  atc(l. ”1’hc
GLJ1 \v;islccl~liI-e(lt  o~>crforIllc vc~lsil~l~Jlcfilc
rcfmmatling functions, with no c)ptions  for a
commancl-line interface or batch-mode. ‘1’his
rc]iancc  on a graphical intcrfacc prcvcntccl
automating some  steps with simple scripts
bccausc  a user had to be sitting at the
Collll)ulcr,  p u s h i n g  e a c h  b u t t o n  irl tllrn. ]t

bccanlc  aJqmrcmt that wc had to pmviclc an
off-line comnmnct gcncra[ion  capability that
was bascci on non-graphical, ICSS rcstrictccl,
cO1l]rl~zll]cl-lillc  inte.rfaccs.  “1’hc sccurc  G(J1
w a s  s t i l l  cssentia]  fol tr:illsmission  a n d
radiation of commancls.  With this rc-clcsign,
I)SN  ICSOUICCS  ate only rec]uirccl for the final
transmission ancl radiation of the Gmmand
files to tllc slmcccraft.  “J’tlc irnpacl of this off-
line capability on rcquirecl  network resources
is sigllifican[.

‘J’bus, the 03mmancl  systc[n  intcrfacc  was
rcdcsigncd  to a l l o w  users t o  gcncr:ite
co III IIlancI  files in an off-line ctlvironmcnt
w i t h o u t  rcc]uiril~g  a  connect ion to the
comnmnd  control GIJ1. l;irst,  the translation
and reformat functions were clcvclopccl  into

SC! );lr;l [L’,I Stillld-;l]()[lc ])1’0:1’;1111S.  “1’hc

lrarlslaticln proSlanl  tr:(nsldtcst~.  xt nlncIl\onic
commands into an inter mccliatc  Spacecraft
Mcssa:c l;ollllat  (S(~MI;  ) f i l e  Con[ailling
binary commands expected by the spacecraft.
“1’hc  rcforma[  pro:ram packages  the birlnry
commancls  into the form cxpcctccl  by the
l)SN. ‘1’tlcsc  pro.qramsca[l  be started up by
the  use]- on the lJNIX commanci  l ine or
script, as WCII  as by the cciltral  cotnmancl
system. ‘1’hc off-line capabilities tlavc alsc)
al]owcd  sclipt autolllation  tc) rcduc-e  ttlc
nulllbc[’of  Il):([]ual,  iIltelactivc  steps involvcci
i n  tt]c p,cnctatiotl o f  colnma!~d files.  A
pI:ll)}lic;  il interface ShCIl WaS built Llsin: the
j’t’l ,-clcvc]opccl  1’};1<1, scI-iptin: language  anti
01{1 ,Sf 11{1 J. intcl-face builclin: tc~c~l.

‘Ilis off-line translation tc)olkit also founcl
cxtcnsivc usc ill sptrcccmft  fli:,ht  testbccl
facilities where no coll~lcction  to the I)SN
was :il]owcd. ‘1’cstbccls  proviclc  a n
cllvironlncl]t  f o r  t~’sting a[ld val idat ing
conlmancl  son a mock spacecraft. ‘1’he.tcstbccl
cornlnnnd systcm scncls commands clircctly to
the ground sujq}ort  equipment.

Another  lesson learncci was the need  to
streamline and simplify the end-to-end uplink
process. ‘ l ’he  uplink  process invo]vcs
lnultiplc  opcratic)ns  ancl clcvclopmcnt  teams.
‘1’his crcatcs  a sys[cm with multiple tools ancl
interfaces, forcing the user to learn how to
oJJe.rate. across several cliffcrcnt bounclarics.
I:rc)nl a project perspective, there shc)u]cl only
bc a single intcrfacc  to tllc uplink process that
would allow a single user to perform all
f u n c t i o n s  incluclin:,  s p a c e c r a f t  seclue.ncc
gcncratiori  ancl translation, grounclscclocncc
of events schcclu]c generation, real-time
comnmncl  preparation, mncnwnic  translation,
and commancl transmission anti verirlcation.
‘J’hc Olil, has wortcccl  closely with ttlc Mars
Survcyc)r  l’rc)jcct  [0 implement an integrated,
gr:i])tlical  irltcrface tool that allows  a single
user  to scamlcssly  per fo rm cnd-to-cncl
functicms  in the u~~link process.

‘lhc  successful  cxpcricncc of the early
projects using the. MCiI)S (:ommancl  systcm
eased the transition ofthcmmainingpr  ojccts.
All ofthc JI’I, planetary missions have now
tlansitioncc\ succ.e.ssfully  t o  tl~c MGIIS
~c)mmancl  Systcm :irlcltllc  lll:ii[~fr:lr~~  c-basccl



(’OII~JII;iIId  systcm  w a s  cli’col~~lt~issi[)rlc(i  a
year callicr  ttlan  originally planned.

l<li-I~NCil  Nl;I;l<l  NCi
C’OMMANI) “lRANSI  /A”l’loN

Sillcc  both the Scqucncc  and [~ommand
soltwalc  provided capabilities for n user to
~~t;llclatc  COIIIIIl:Itld  fllcs, there were. colnmon,>
translation capabilities duplicated in both
systems. ‘l’he 0111, has worked  closely with
Su(jucr]cc  dcvclopcrs  t o  rc-cllgirlccr the
Ilatlsla[ion  process an(l  develop a universal
co[nmand  tmnslator[tlat  can be used by botl)
subsystcll~s. ‘1’tlc redesigned systcm includes
t}]c usc of advanced graphics aIld  c) bjcct-
micnkd lcchniqucs.

‘1’lIc  t[ansla(ion  functions in the Sccjucnce
sys~cln were based  on manually bu i ld ing
lllllclllollic-to-t>it translation information in
c.ac}l pl-ojcct’s  unic]ue c o m m a n d  Jnacrc)
l:ll)~<ll:l~(:.rl’llt:sc  I)rojcct-specific adaj)tiitiolls
w e r e  tllllc-col~slllllillg  a n d  e r r o r - p r o n e .  ‘1’hc.

c o m m a n d  t r a n s l a t i o n  p r o c e s s if) t h e
C~OII}lnaI)d  s o f t w a r e  w a s  basc,c] 011 a
multimission  (lmmanc] l)cfinition  I ,anguage
(C~I)l,) that cal) be usccl to specify cc)mmand
lllr]clllc)llic-to-tlit  clcfinitiol]s  ancl constr~iints.
‘J’tlc Cl)]. file. is compi]ccl into a prc)jwt’s
~kmmand  I)atabzm.  A comnancl  c]atabase  is
bui][ for e a c h  p r o j c . e t ,  b u t  t h e  langurigc
Cwlllpi]cr,  clatabnsc  interpreter, and translator
sc~ftwarc is multimissioll.  III (l]c rc-clcsignccl
u])linlc prc)cess, the command  clatabasc
i!ltcrprctct ancl translator software. was rc.-
built as generic, Ullivcrsa]  libraries that COLIIC]
bc callccl  by both ~ommand  ancl Sequence
sc}flwarc. ‘J’his  multimission,  c o m m o n
ap])roach  w i l l  significal]tly  reduce uplink
costs.

An illustrative example of (3)1,  COCIC follows:

! defiac a m e m o r y  load message
MKSSAGK: lll(’llll(la(l-lllsg(  bllf:  200)

1“11’:1.1)s
data: 160 ! 160 bit local variable

KN1) 11’IIcI,I)S

!  d~clare  ttlc kifl(ls of  arguments t h a t  Will
!  be entered  by t h e  user
I,00KIJ1’  ARGUMKN’I’:  n a m e

!  l o o k u p  valac t)clow ia hcx

C’ONVI:RS1ON:”  I!l’x
I, I; NG’I’11:  8
‘XI KXII, OAI)”  = ‘,i9’

J:NII  l,()()KLJ1’  ARGUhI1tN’I’
NLJhlltRIC  AI{(;  LJMKN’J’:  a d d r e s s

! user to ent~r  numl]er  in IICX
CONVHRS1ON:”  IIEX
J.1lNG’1’11: 16
!  ncccptable  raagc
‘001~11” ‘1’0 ‘ltk’l~l;’

ItNJ) NIJMICR1(;  AR(; UNIJI;PJ’J’
NLJhl I;RIC AR(;  LJilIJtN”l’: s w o r d

! ascr to elltcr n u m b e r  ill hcx
(: ONVERS1ON:”  IIKX
I.1tN(;’1’11:  16

ItN]) NLJNIKRIC AR GUAI1;N’1’

!  read macmoaics froal  u s e r  illl)ut
l<EAI)  AR GUMKN’J’  na]]le -

I{It AI) ARGLJM1tN’J’  address
RItl’l\A’J’ 1  ‘1$0 10 ‘1’JFvIKS

(C()[JNI’JNG  WJ’1’J1
RIIA1) ARGLJhlltN’J’  s w o r d
data := data // sword

I;N1)  RI; I’I;A’1’

swords)

!  collll)ille  coavt~rtcd iapat i n t o  a  mfxsage
! c o u n t e r s  like “nwords” are 16 bits
I]af := narnc // address // Ilwords  // data

II;NI)  hlltSSA(;  Jt

It clcfil]cs  [i memory load Incssage.  that can
]oacl  up tc) ten worcls, six[cen bits each, into a
certain  a r e a  of mcmc)ry.  If t h e  u s e r ’ s
lllrlc]ll(~rlici[)~~llt  was, forexamp]c,

IMIHvI1.  OAl); 0A48; 1; 22; 333
ttlc  I“cslllting  hex oLlt~)llt  Wc)llld  b e :

A 9  OA 48 00 03 0 0  0 1  0 0  2 2  03 33
where the f irs t  byte is  an op COCIC  that
sigl~ifics  a memory load instruction, the next
two by[cs arc the acldrcss to lo:id the clata
irltc),  the r~cxt  two bytes arc the number of
words in the clata,  and the remaining six
bytes arc ttlc clata itself.

Sir]cc. (3)1, files cat) become. very cc)]nplex,  a
c o m m a n d  g e n e r a t i o n  tc)olkit  is being
clcvc.loped to facilitate their creation and
browsing. ‘1’hc  C;I)I, toolkit will inc]uclc a
g raph ica l  C;l)li cciitc)r,  a ~I)IJ parser and
compiler, and various rcporl  generators. 111
the. faturc,  some text basccI on-line reference
tools and a smarlcclitort ohelpamcrcrc  ate
mncmcmics  arcplannecl.



‘1’t]c limt sIc’}>  t:ikc. n irl tllc LiL>\IL’lc~lJI]lL’I]t of the
[c)(~lki[  W;IS [O d~[c~l[)inc [hc data slruc[urcs
for llol(ling  t h e  i n f o r m a t i o n  c o n t a i n e d  in a
( ’ 1 ) 1 .  Iilc.  ‘1’hcsc  structures  aIc ncccsscd
[Illough a  l ibrary  (ha t  i s  used  by  all  tools i n
ttlc toolkit.  1 Icrc,  an object-oricn[c.d approach
\Vil S USC(1.  ];or CX:ll)lpl C, C~l)I, haS scvcra]
Iylws of proccssillg  routines. So, onc of ttlc
classes was for that of a general pmccssing
routil]e. A subc]ass  of the general  routine is a
l]~c’ssa~,c  routine. Argutncnts  arca]soob.jccts,
wit]) lookup ar:llnlcl)ts an(l Ilulneric
ill”~. 11111 Cllt S derive.d from :1 COlllll)O  l), Ill OIL’.
~,cllt’r’al , aISUIIICnl  class.  l;or tllc ~1)1, c o d e
abOVC, (lime i s  OIIC ill  St:lllCC  of ii Illessasc
Ioutirle,  Inf?lnloa(l-msg,.  ‘]’here arc. instances
of 1>0111 kinds of argument objects: name,
address ,  and awor(l.

Wtlctl an object is crcatcd,  a parent object  is
spccificd.  Whcncvcr  an object is destroyed,
;111 of its children arc automatically destroyed
ilS WC]]. l:or  tll~ C~illlll  JIC ilbOVC, ll+IIIIL’,
addrrss,  a n d  s w o r d  arc c.hildl-cn o f
IIlc’lllload  -msg. So if the. user of the
graph  ica] cclitor  c h o o s e s  t o  delete t h e
lnemloa(l-msg  routine, the code for the
editor is simply one  call to destroy the
al)J>l-ol)rinte  parent object  and all of the. chi]ct
objects (wtlich arc not useful by ttle]nsclves)
arc automatically cleaned up.

Cl )1, objects can refer to each other. l;or an
easy example, the R1;A1) ARGUMEN’J’
address statement is itself an object (in this
case., of class illpu( processing statement aTId
child of mcmload. msg). It con ta ins  a
rcfcrcncc to the object corl-cspomling  to the
argulllcnt  to be read. ‘I”hus, if the ~111. editor
u s e r  c h a n g e d  t h e  n a m e  of the a(ldress
;11 S>llllKVlt,  WtlC1)  thC ~])] , CC)dC W:IS SaVC(t  thC
l{l’; AI)  AR(;l JMNN’1’  address statcnw.nt
would  automatically bc writ(cn wi[h the new
l~an)c. Note that for this example, the editor
will not allow the address a(gumcnt  to be
dcstmycd un(il the reference to it in the
1<1’:A1) AI< GUM ICNrl’ a(ldrcss  statcn~cnt
i s  changed  o r  the  s t a t emen t  rcmovccl
altogctllcr.  It is easy to get a list of rcfcrcncm
to any object. ‘1’here arc many constructs in
~~1)1, not shown in the cxan)ple  that lca(i  to a
sil]glc  object being refer-reel to in several
j>lilCCS.

‘1’hc (’1)1. latl~uagc w:ls d~’si~:ncd years  a;go
ilS pill’t  Of tl)t  old lllilill fr:llllC-t):lsC(i  CO Hllllilnd
systcm.  It i s  missinf: Sc)(l)c’ i m p o r t a n t
fLlnctio  Ilality  SIICI1 iiS  arittlnictic  and
comparison opCriltoIs.  [~1)1,  was also written
before [Ilc ‘1’clccommand  S(~lldiild,  S0 s o m e
of its constructs arc Outdated il[l(l intcndcc] for
tasks such as clnbcdcling cr-ror lJolynonlials
i n t o  thC billitry CO1nlnallds.  111 t h e  n e w
(:olllman(l  Systcm, a n y  fullctionali[y  [lot
p[-cscnt  in the C;])],  langua:c  must be added
as I];ird-coded ‘user hooks’ to the commancl
llilnsla[i  Oll software, crcatillg additional
Cxl)crlsc  for dcvclopnlcn[  and testing. ‘1’1111s,
ilS l>ill”t  Of 0111”  1~:-cl]gillc:crirlg  Cfl’OI’t  S, WC arc,
incorporating important enhancements and
s impl i f i ca t ions  tc) tllc (~1)1. larlguagc.  l;or
s o m e  o f  t h e s e  cnhar~ccmcnts,  wc arc
investigating the use, of other process control
]{1  Il~Ll:l~CS Sllctl  :iS S p a c e c r a f t  (Uontro]
1,anguasc  (S(:1 ,) in the uplink  process. With
the object-oriented nppmacl]  taken and the
“Oill of rcducin:  c l ; i s s - spec i f i c  code, WC
~xpcct it to be casie.r to lnake ct)anges  to ttlc
language.

Wc arc also investigating extending ~1)1, to
include information that woulcl typically be
founcl in a conlmanc] dictionary such as
tclcmctly verification points and flight rule
constr:tirlts.  ‘J’hc graphical {3)1. toolkit is also
being cnhancccl to proviclc  a  comple te
colnma]ld  definition and dictionary tootkit
with hypertext references to other mission
(lc~c~lTllcllt:ttiorl.

other recent development work incluc]cs
r~or(ing our code to multiple lJNIX  harc]ware
platfol”n]s,  ANSI-(;, anct XI’(; -4 OJE1)

standards. in addition, wc arc incorporating
(he 1 98-/ ~:onsultative  ~ommittcc  for Space
l)ata Systcnls  ((:(: s1)s) “1’clcconlmand”
standards into the MCiI)S  ~omrnand  SystcIn.
All future J]’]. missions will comply with this
stand ar(i,

“1’1;1  .1 H)MMAN1  ) IMP1 /I\ Ml; N’l’A”I’ION

“l’he ‘1’clccommnd  service model is a layc.reel
moclcl  which more or less parallels the 1S()
open Systems Interconnect model. ‘1’hc
highest two layers o f  t h i s  model,  t h e
Application I’roccss layer and the System
Mana~cn~ent  ]~yCI’, tlavc  n o t  y e t  b e e n



si)~>~’ificd  in dcldil.  I t  i s  s t i l l  Up to the
illdi  Vidllill  projcc[  to dcfillc  p r o c e d u r e s  and
Li:l[a  s t r u c t u r e s  in t h e s e .  l a y e r s .  ‘1’bc  I;iyc.rs
bc’low  ttlis,  h o w e v e r ,  }z(Ive  b e e n  spccificd  in
(Ic[ail.  Our  response  to the standarc]  a(klrcsscs
t h e  ]’ac.kctimtion,  St2gmcIltation,  ‘J’ransfcr,
( ’ d i n g ,  and l)}lysical  1 .ayers

111 t h e  c o m m a n d subsystem, the
‘1’clecc)mmanct  (“1’~) s t a n d a r d  i s  bci[~g
implcmct)tcd  a s a generic, batch-mode
“\vraJJpit~g  scrvicc.  ” {~lients of the scrvicc
SIIJ)J)IY  t h e  d:lt:l to h! WI’:iJ)@  i)) A S C I I
forlnnttcd  f i l e s  called (~ommand  l’ackct
([IM1) I) K’I’) f i l e s .  ‘1’hc scrvicc t a k e s
Inultip]c,  one or more, {;Ml).  J)K-l’  files as
input,  wrappiI]g  the clata from e:ich  file record
and time-order merging the rcsu]ts  into an
S[;MIJ  fiJe.

‘J’I)c forlllat  of tllc C; NII)- I)K’l’  file follows (he
C~~Sl)S Standar(J  l;ormattecl  l)atn lJnit
(SI’I)LJ)  standarci. “Jibe l-clata  (user) section
of the fiJc is organize.c] as a hcacJer section
followed by a series of clata  sections. ‘1’bc
section bound  aricx arc dctlnccl with special
markm-s, ancl the information within tbe.sc
scctio[)s  is  o]-gani~,cd  ill a “kcywoI-Cl  = val LIc”

format.  An example of a hcacler section
follows:

$$hdl’1’ CX3MMANI) 1’A(:K1;l’  l~ll,];
*(: M1)I’K’I’ SI;~l’RAN.CMl)I’K’1 ’lJOJIOOl
*OI’l H< A’1’OK l;rank  Zappa
*1’KC)GKAM SliQ’1’RAN  - MARS

}’A”I’111’lNI)I;R  V19.O  AI’K 29, 1994
*C’RIIA”l’ION J1’1/  94-131/09:58:59
*} I1;GIN ***** NO IIA’I’A *****
*( ’JJ’1’()];]( ***** NO I) A’1’A *****
*-] ’J”] ’1,]~ ***** NO I) A’1’A *****
‘~z}{l{() * * * * *  N O  I)A’I’A * * * * *
*( ’M I) I’’1I, *’*’***  N O  I) A”l’A  * * * * *
*}~Jl,s17, 6
*slsvliR 04/27194
*I; KMV1[K 1
*C1)LJACQ1  .I;N 2.2
*[~1 )UACQ 55
*C I .’I”lJSSQI  ,I;N 2
*[’I ,“1’USSQ 1(11  90
*C1 .“l’LJ’J’SQI  .IiN 8
*Cl .“l’lJ’l”SQ 55
*(’I ,’I’LJI)I ,Y l; Nl)Srl’ANI’/lll’l’S/O

‘1’hr header section coutail)s ~Jobal  file
il~for[na[ion.  I~or cxa I]]pJc, t}lc value  of the
‘l:J1 .];S]X’  kcywor(]  tc]]s you t h e  IILIIllbCr  of

da[a  sections which follow. ‘C1)[JACQ1  ,I;N’
and ‘C1 )LJACQ’ to~cther  form a sJ>ccillc.  atiol]
of the acquisition sequence to Ix uscci for this
file. ‘CI)lJA[~Q1 ,liN’ is tl]c Ilulnbcr  of octets
ill the aC(]lliSitiOIl  SC(]llCIICC  :IJIC] ‘c~r)[JAc;Q’

is [Ilc s[nallcst  rcJxxit  pattcm.  [Jsillg the above
rc’cord,  the ‘1’C>lccollllll:lrl(l  wrilppin~  service
would gcr]cra[e 22 octr(s  of 55 hex.

]I:Ic}I ddt:i section  contains  As(; ]]
hexadecimal data to bc wrapJ~cd, alons with
CJIOL1~h information to fill in the
‘]’elCCol)llll[lJICl headers. } ]CrC iS aJl CXalllJ>]e:

$] ’K’J’ SCGNJ ,1)
I) K’I’V1;I{ J
S1 :Qll ,(;S I;l J{S”l’
Clll;CKSIJivl yl~])
v<: 1
1.J{NG’1’1  I 12
AI’l}ll) o
OPI;NWIN 82-080/1 1:40:00.000
(3,0SliWIN 82-080/12:00:00.000
1 ‘l<MS] ;Q o
]:J;(; l; Ac31JM55AA
(.:’1’1<1 ,(:MI )  NC)
IIY1]ASS Y}[s
l)A(;KIi’l’JZl;  N
I:RAMING YIN
S}iGM};N’1’lNG  NC)
1 )Kl ‘A

OA() 1 ()()()0 02000001 00020003
00040005000600070008 0009

$1 ‘I)]’

I~ollowiIlg the I)Arl’A kcyworcl is a secJucnce
of AS~l I h e x a d e c i m a l Wor’cls. “1’his
mprcscnts  the binary data to bc wrapJ>cd.  ‘J’hc
format and structure of this data is known  to
lhc h i g h e r  l a y e r s  o f  t h e  CCS1)S
‘J’clccotnmand  s e r v i c e  moclcl  ( s y s t e m
l]~anagcmcnt  ar~d aJ)J~lication Jayers).  “]’hc
val Llc.s o f  o t h e r  keywor(is  e]]ab]c  t h e
wrapping service to fill in the 3’C; heaclers.
l;or c.xamplc, the value of the V(; keyworci
tells the wrapping service what 10 put into the
6-bit ‘virtual chnancl  11)’ field of the ‘1’{;
tl ansfcr  frame header.



‘1’tk’ crca(oI  of this lilt also has control over
wl]iuh layers  of wrapping are applied to the
(Iillil. ‘1’hc wrapping,  st’rvicc Concx?l-lls  itself
Ivith t]lc following layers:

●  “I’{~l>tlckc[iz:itioll  l;iycr(’I’C:  ~>.:lckcts)
●  ‘I’[:scg]]lcI]t:ltio]  ]l[lycr  (’l’Cscgll]cIlts)
●  ‘I’C:(i-:lllsfcr  laycr(”l’C tral]sfcr  fi:lrl]cs)
●  ‘I’(;  coding  layer ((~onlmand  link

‘1’ranslnission LJnits  (CTI,’I’LJ S),
consistillg  Of”l’(; codcb]ocks)

101” cxanlplc, c o n s i d e r  [he kcywoIds
l’A(:KI;’I’IZI;  , SI;  GM1; N’I’l NG, a 11 d
II<AMING. I) A(:KJ; ”J’l Z,I; al}(l
SI;(;MIIN’1’IN(;  a]c both set  to NC), wllilc
I;llAMIN(i  is set to YliS.  “l’his means that
the ‘l’C: wrappins  service will cc~nsidcr  the
data  to bc the contents of a ‘1’~ frame, and
will only prcpcnd  a “1”~ fralne  header (and
lnay  a l s o  appcncl a ]:ralnc  ]lrror (;on[ro]
worci,  if the ]1’I;C~ k e y w o r d  i s  set  t o  a  v a l u e
o[lIL’r  tlIaII hTOINI l), bc.fore crcati[lg,  a (’1,’1’lJ.
I f  l’AC:Kl~,’1’17,1;  w e r e  set  to YliS, the
wrapping service woulc]  consider the data to
be the contcI)ts of a ‘]’~ packet, ~lld  WON](I
a p p l y  a  l’c J)acket  h e a d e r .  ‘ 1 ’ h e n ,  i f
Sli(iMl;N’J’l  N~T ancl lNAMING were both
sc.t to Y] ;S, (he “J’~ packet WOUICI bc broken
into “1’~ sc~mcnts,  and then each ‘1’(;  segment
would  be Wf-appcd as a ‘J’~ f r a m e ,  before
c r e a t i n g  a ~l,TU. Clurrcnt]y,  a l l  e i g h t
pe.rllllltations  of (PA C: KI;”l’IZ1;  ,
S1;GM]lN’1’]NG,  l~l<AMING) arc allowed by
the wrapJ~ing  service,  though  only three may
be legal: (N(),  N{), YES), (YIN, N{), Y1;S),
al]d (YIN+, Y}; S, YIN). ‘l’his  f l e x i b i l i t y
makes the name  ‘~M1 )_. PK’1” something of a
misllonlcr;  perhaps ‘~MI1._”l’{;’ woLl]d have
been a better choice.

(lrrcntly,  c.ach data section of this file will
rcsu]t  in one or more [:1,’J’US. Normally,
o n l y  one {;] ,rl’lJ  will be crcatccl pcr  dat:i
srction;  the only thing which can affect this is
tt)c setting of the F’I<MSl’l;l<~l  ,-1’11 keyword
in the C:MII. PK’J’ header section. If this is set
to a value  N, where N >0, thcrl no ~1,’1’LJ
may contain more than N “1’(; franm. So, if
the alnount  of data in the cl:ita section is large
enough that when it is scgmcntccl, more. thatl
N “1’~ frames arc created,  more  than OIIC
~~1 .rl’LJ will result.

I:acll  Li:l[;l rL’cord  contains a til IICStillllp as

tvt’11,  ‘1’his !))ay  bc s p e c i f i e d  a s  e i t h e r  a
wirldow  (O I) I; NW IN, ~l.OS}; WIi N) or an
e.xccution  time (l[XIi(;’I’l M};).  “J’itnes  arc
expressed in GM’]’ t-elativc [o [Ilc spacecraft
(SpaccC:raf(  f;vcnt  ‘lime,  o r  S(~ll’1’). l’or a
g,ivcn data record, this means  that the data in
that rcmrd will be at the spacecraft, ready [0
be proccssccl, at the given (IIXIiCU’lMI;),  or
~vitllin  t}tc g i v e n window (OI’l;  N\VIN,
(:1. OSIIWIN).

‘J’his  sc~rvicc i s  inl])lcn]cnt~~d  as a  sit]glc
p rocess  which  consumes  Ollc or Inore
[~MI)_ PK’I’ files  a n d  pI-Od LiCCS a sirlglc
SC~Ml:  (SpaccCkaft  Message l;or[nat)  file.
I;ach data record of the S~Mf: file contains a
si[lg,lc  ‘spacecraft message.’, which in this
case is a (1 ,’1’LJ.

l;acl)  (’1 .“llf  within a record may bc p]ccedcd
by al) acquisition stx]ucnce.,  dc.pc.nding upon
t h e  }’1,01”  (f ’hysical 1,aycr o p e r a t i o n
l’roccdurc)  in usc by the project. (hrrcntly
two l’l.O1)s arc defined irl the ‘J’(; stanclarcl.
1 n 1’1 S)P 1, ~1 .1’(Js arc indivicluall  y 1-adiatecl,
meaning that the physical tclccomrnancl
challnc]  is dcactivatc(i  after txich  transmitted
Cl .’l’LJ.  in this case every C~l .-l’LJ  in the
S(;M1: file must have an acquisition sequence
])rcpcnded,  In PI .01>2, the physical channel
is not clcactivated until the last (3 ,“J’LJ iil an
‘up load ’ h a s  b e e n  transmittccl.  l~or o u r
])urposcs, this means that only the first
(3 ,’I’lJ of the S(;M};  file will be plcccdcd  by
the acc]uisition scclLmcc.

‘]’hc ‘1’(~ wrapping service places the resultant
(;1 .’I’LJs  il~ asccrldirlg  time order within  the
SC;Mf. l~urthcr,  tllc timcstamp  in each record
of the S(~MI: is the time of radiation of the
first bit in the rccorcl.  “1’his  means that in
g,oing  from execution time in (;MI)-  I’K’1’
file(s) to an S~h41;, al l  t imes have  to bc
backed off by the number of bits irl the rccorcl
(multiplied by the time c)f one bit zit the
current  uplink  rate), plus any inherent
spacecraft delay time, plus the appropriate
c)ne-way light time.  All of this is a fairly
c o m p l e x  o p e r a t i o n , s i n c e  w c  a r c  m e r g i n g

multiple (;MI). I>K’I’ files, cach  of which can



11’(’ Wrapping Scrvicc  I)csign

A ll]ocllllilraj>l~r[~:lct]  wastakcn in thcdcsign
of the wrappins  service. It is decomposed
into five primary modules, as fol]c)ws:

1. (: Ml)_ l) K’J’filC  I/C) ]]~C)(lLllC.
2. S~MI~filc  l/O I]]o(lLIlc.
3. ],igll[tilllcI]lo(llllc.
4. ‘I’clc;coIl)lll:lrl(  lIllo(iLllc.
5 .  Maillnlodu]c.

‘1’hc:  fi[sl four modu les  are inlplcmcnted  as
libraries. “1’hc  main module  calls functions in
these  libratics.  ‘1’hc CM1). l’Krl’ file moclulc
dCpCIdS  UpC)II  the crC]CCO1l~tlland  nlodu]c  M
well, lnainly for validation of ‘1’(;  hcactcr field
VII] LICS.

‘1’]K  (;MI).  I’K’]’ file 1/0 ]noda]c iso]a[cs all of
tllc kl]owlc(lgc (Jftllc. forlI}:it  allcls~ructureof
C; Mll_l’Krl’  f i les . I t s  s e t  o f  Cxpc)rtccl
funct ions allow  rccorcl-oricntc(l  1/() (both
reading c~ml writing) of ~MIJ-  })K’J’  files.

‘1’hc S~MI; file 1/{) moctulc  i s  d i r e c t l y
alla] ogous to the zibovc,  for SCMI:  files.

“J’l]c.  I,igtl[ tilllc ]noclule  c.olllai]ls  fLlnctions
whit}) perform conversion be[wccn  ground
transmission times (“1’RM) and spacecraft
event times  (S(2}’1’). ‘l’his moclu]c  reads a
1. IG}I”J’’J’IMJ;  files in ordcl  to perform its
function.

‘1’hc  “J’clccommancl  nlodLIlc isolates all of the
knowledge of  the ‘1’(; data strLlcturcs. It
contains a set of fLlnctions  for validating all of
the. ‘l’(l header  fields values, as well as a set
of functions for performing ‘1’CU  wrapping.
‘1’his lnodule also nlaintains  a table of projcc[-
dcpcndcnt  “1’clccor]l]~larl(lirlg  data. ltcms  such
as (icfau]t acqu i s i t ion ,  s t a r t ,  and  t a i l
scqucnccs,  virtual  circuit and application id
lnncmonics,  ‘1’~ coclcb]ock  si~,c, and l’l.O1)
arc included in this table. ‘1’hc main moclulc is
Iespollsible  for the overall cc)ntro]  of the
wrapping process, and clcals  directly with tllc
tilnc-ordering issue.

(XIN~I/(JSION

“1’hc (lpcrations l;nginccrirlg  IJab h a s
dcvclopcd  the J] ’I, multi mission command
system to provide low-cost, adaptable,
ex[cnsiblc.  uplink  capabilities to new and
existing flight projects. ‘1’hc goal in the
ongoing re.-cnginccring  of the command
subsystem is to crcnte  a set c)f indcpcndcnt
tcm]s tc) al]c)w more flexibility for the user and
to make ar]y ncccssary  customization faster
and easier  for fut Llrc, low-cost Inissions.

‘J’his  work was done at the Jet l’mpulsion
l.:iboratory, ( C a l i f o r n i a  lnstitutc  o f
‘1’cchnology, under  a  con t rac t  f rom the
Nationa] Acron:iutics a n d S p a c e
Adlninistration.  ‘1’hanks to the. technical staff
in the ()];]., the car]y MGIIS deve]oJJnmlt
tca~ns, and the J]’]. Mis s ion  Opc.rations
“1’cams for their enthusiasm ancl support.
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